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NASA TT F-1 1,692 

EXPERIMENTAL INVESTIGATION OF HEAT AND MASS TRANSFER 
I N  THE R E A C T I N G  BOUNDARY LAYER O N  A POROUS PLATE 

L .  I .  Tarasevich 

ABSTRACT. Intensive, . I .  heat fluxes and h i g h  temperatures i n  
contemporary combust ion chambers and heat exchangers cause 
damage t o  t h e  s t ruc tu ra l  elements; t h e  damaged elements can 
e n t e r  into chemical react ions w i t h  each o the r  o r  w i t h  t h e  
ex te rna l  environment. I n  t h e  present s t u d y ,  a special  low 
ve loc i ty  w i n d  t u n n e l  containing a porous p l a t e  moun ted  on 
t h e  lower wall of t h e  closed 280 X 340 mm t e s t  sect ion was 
u s e d ,  w i t h  the a i r  flow r a t e  over t h e  p l a t e  varying from 1 
t o  8 m/sec. Air temperature varied from 288 t o  393°K. 
E t h y l  alcohol was u s e d  a s  t h e  reacting l i q u i d ,  in jected 
through t h e  p l a t e  sur face .  The s t u d y  showed t h a t  t h e  heat 
l i be ra t ed  during t h e  chemical reaction was p a r t i a l l y  t rans-  
f e r r ed  t o  t h e  p l a t e ,  used to evaporate t h e  react ing l i q u i d ,  
and p a r t i a l l y  d iss ipa ted  by the a i r  flow. T h e  heat and mass 
t r a n s f e r  i n  t h e  react ing laminar boundary layer  a r e  ana- 
l yzed . 

Porous, o r  evaporat ive cooling o f  various apparatus and devices i s  - /37l 
accompanied i n  c e r t a i n  cases  by chemical r eac t ion  i n  t h e  boundary l aye r .  
i n t ens ive  hea t  f luxes  and high temperatures encountered i n  modern combustion 
chambers and hea t  exchange apparatus cause, as a r u l e ,  damage t o  t he  elements o f  
which t h e s e  devices a r e  constructed.  
e n t e r  i n t o  chemical reac t ions  among themselves o r  with the  surrounding medium. 

The 

The elements of  t h e  damaged sur face  may 

Therefore,  t he  most important problem a t  t h e  present  timme, a problem of  
g rea t  p r a c t i c a l  s ign i f i cance ,  i s  inves t iga t ion  o f  t h e  process of hea t  and mass 
exchange i n  the  boundary l aye r  during chemical r eac t ions .  

, There a r e  a number of t h e o r e t i c a l  works dedicated t o  t h i s  problem, t h e  most 
complete review of  which is  presented i n  [ l -7 ,  9,  l o ] ,  whereas experimental 
i nves t iga t ions  a re  p r a c t i c a l l y  completely missing, with the  exception of 
[8¶ 111. 

The main purpose of t he  experimental i nves t iga t ion  of  t h i s  process is the  
establ ishment  of  t h e  dependences between the  su r face  temperature of  t he  porous 
metal p l a t e ,  t he  temperature i n  the  react ion zone, t h e  pos i t i on  of t he  r eac t ion  
f r o n t  and t h e  expenditure by weight of in jec ted  f u e l  l i qu id ,  as w e l l  as a 
determination of  t h e  concentrat ions and enthalpies  i n  t h e  r eac t ing  boundary 
l aye r  under var ious hydrodynamic and temperature condi t ions of t he  oncoming a i r  

Numbers i n  t h e  margin ind ica t e  pagination i n  t h e  foreign t e x t .  
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s t r eam . 
The experimental i nves t iga t ion  o f  the process  o f  hea t  and mass exchange i n  

t h e  r e a c t i n g  boundary l aye r  was performed us ing  a s p e c i a l  experimental i n su la -  
t i o n  (Figure l ) ,  cons i s t ing  of  a low ve loc i ty ,  c losed continuous opera t ion  wind 
tunnel  with closed tes t  s e c t i o n  and rectangular  cross  s e c t i o n  of  280 X 340 mm. 

The porous p l a t e  being inves t iga ted  was mounted i n  the  lower wall of  t he  
t e s t  s e c t i o n  of  t h e  wind tunnel .  

The wind tunnel  operated open, which was achieved by us ing  s p e c i a l  
r egu la t ing  valves .  
t h e  accumulation of  a l a rge  quan t i ty  of  reac t ion  products i n  t h e  tunnel  and 
would in t roduce  considerable  e r r o r s  t o  the determinat ion of concentrat ions i n  
t h e  r e a c t i n g  boundary layer .  

Operating t h e  wind tunnel i n  c losed c i r c u i t  would r e s u l t  i n  /38 - 

The a i r  stream i n  t h e  wind tunnel  was moved by a type VVD-9 high pressure  
c e n t r i f u g a l  fan ,  dr iven by a 27 kw e l e c t r i c  motor. 

I n  o rde r  t o  avoid t h e  t ransmission of v i b r a t i o n s  from t h e  f a n  t o  t h e  wind - 139 
tunnel ,  f l e x i b l e  couplings connected both in t ake  and output s ec t ions  t o  t h e  fan .  

The v e l o c i t y  of  t h e  a i r  stream approaching t h e  p l a t e ,  represented as urn, 
was 1-8 m/sec and was regula ted  by spec ia l  valves .  

The dynamic pressure  head of t h e  air stream was measured us ing  combined 
P i to t -P rand t l  tube pneumometric f i t t i n g s  p lus  a cup type,  multirange l i q u i d  
micromanometer with a type MMN i nc l ined  tube, accuracy c l a s s  0.5.  
P i t o t - P r a n d t l  f i t t i n g  i s  se t  up i n  the  wind tunnel  some d i s t ance  upstream of 
t h e  t e s t  s e c t i o n  s o  t h a t  t h e  measuring transducers w i l l  have no inf luence on t h e  
f i t t i n g .  The a i r  i n  t h e  wind tunnel  was heated by a four -sec t ion  e l e c t r i c a l  
h e a t e r  o f  55.2 kw power. The last sec t ion  o f  t h e  hea ter  ( f u r t h e s t  downstream) 
was connected t o  the  automatic temperature r egu la t ion  system, while t h e  o the r  
t h r e e  sec t ions  were connected ind iv idua l ly  i n t o  t h e  e l e c t r i c  power supply. 
maximum power of t h e  regula ted  sec t ion  of t h e  h e a t e r  was 8.6 kw. 
r egu la t ing  system cons is ted  of a chromel-cope1 thermocouple, used as a temper- 
a t u r e  t ransducer ,  an automatic e l e c t r o n i c  regula t ing  and s t r i p  cha r t  recording 

braked r o t o r  used as a vol tage r egu la to r .  The r o t o r  was turned by a type 
PR-1 a c t u a t i n g  mechanism. 
r egu la t ion  could be achieved automatical ly .  
t he  t e s t  s e c t i o n  was s t a b l e ,  devia t ions  amounting t o  k O . 3 O C .  
was surrounded with mult i layered hea t  insu la t ion .  

The combined 

The 
The automatic 

I potent iometer  type EPD-12, class of  accuracy 0 . 5 ,  and an asynchronous motor with 
I 

In  t h i s  way, both ffsmoothff and "stepped" temperature 
The f ixed  a i r  stream temperature i n  

The wind tunnel  

. /40 - 
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The temperature of t he  oncoming a i r  stream, which va r i ed  between 288 and 
393"K, was measured by copper-constantan and chromel-alumel theromocouples, t he  
readings o f  which were recorded by type EPP-09 and EPP-09 M 1  recording poten t io-  
meters respec t ive ly .  The c l a s s  of  accuracy of these  potent iometers  i s  0.5. 
Also, t h e  a i r  stream temperature was measured by a mercury thermometer with 
s c a l e  d iv i s ions  each 0. l 0 C .  
ho r i zon ta l  walls and connected t o  a type EPP-09 recording potentiometer were 
used t o  measure the  temperatures of t h e  in t e rna l  walls. 
temperature of t he  a i r  stream i n  t h e  wind tunnel  were s t a b i l i z e d  by two screens 
placed 0.3 m from t h e  hea t ing  u n i t ,  a s  well a s  a smooth convergent channel 
i n t ake  made i n  the  form of a f l a t  lemniscate located near  t h e  screens.  The 
length of t he  s t a b i l i z i n g  s e c t o r ,  i . e .  the d i f f e rence  from t h e  smooth in t ake  t o  
t h e  t e s t  s e c t i o n  of t h e  tube,  was 2.5 meters, which i s  s u f f i c i e n t  f o r  f u l l  
equa l i za t ion  of t h e  a i r  f b w .  

Copper-constantan thermocouples i n  t h e  v e r t i c a l  and 

The v e l o c i t y  and 

In  order  t o  determine the  evenness and s t a b i l i t y  of t h e  a i r  stream i n  the  
t e s t  s e c t i o n  of the  wind tunnel ,  both the hydrodynamic and thermal f i e l d s  were 
c a r e f u l l y  measured. 
temperatures i n  an area occupying over 80% of t h e  t e s t  s e c t i o n  d i d  not  exceed 
1.5-2% of t h e  a i r  flow r a t e  and temperature on the  tunnel  ax i s .  
of t h e  oncoming a i r  stream was a l s o  measured using a type ATA-2 thermal 
anemometer with ac feedback, operat ing by t h e  constant f i lament  temperature 
method. 
with extremely high time constant  of thermal i n e r t i a ,  ! : T ~ s  heated by htgh 
frequency a l t e r n a t i n g  cur ren t .  

Unevenness of  t h e  f i e l d  of averaged v e l o c i t i e s  and 
/4 1 - 

The turbulence 

A gold p l a t ed  tungsten f i lament  0.018 mm i n  diameter and 3 mm long, 

The degree of turbulence of t h e  incident  a i r  stream under t h e  experimental 
condi t ions which we used was e = 0.5%. 

In order  t o  f a c i l i t a t e  v i s u a l  observation of t h e  process occurr ing i n  t h e  
r e a c t i n g  boundary l aye r  over t h e  porous p l a t e ,  and a l s o  f o r  convenience i n  
se rv i c ing ,  windows of type LK-5 heat  r e s i s t a n t  g lass  270 mm i n  diameter and 
hermet ica l ly  sealed were placed i n  the  s ide wal ls  of the  t e s t  s ec t ion .  

The r eac t ing  f l u i d  i n j e c t e d  through the  sur face  of t h e  p l a t e  was e thy l  
a lcohol  (C2H50H). 

divided i n t o  four s ec t ions .  
was 40 mm long and t h e  last  two were each 60 mm long. 
porous metal  p l a t e  was soldered t o  a nickel-plated b ras s  body. 
complete hermetic s e a l i n g  with t h e  wall of t h e  body was achieved, e l imina t ing  
the  p o s s i b i l i t y  of f l u i d  leakage. 

The experimental body (Figure 2) was a porous metal p l a t e  196 X 60 X 3 mm, 
The f i r s t  sect ion was 30 mm long, t h e  second was 

Each sec t ion  of t he  
In t h i s  way, 

/42 - The working p l a t e  was made using porous metal 3 mm th i ck ,  made of  a 
sphe r i ca l  powder of chrome-plated low carbon s t e e l ,  b a l l  diameter 0.063 mm. The 
porous ma te r i a l  used had good s t r u c t u r a l  c h a r a c t e r i s t i c s ,  even po ros i ty  through- 
out  the  e n t i r e  mass of each specimen and good mechanical s t r eng th .  
p l a t e s  made from t h e  0.063 mm diameter f r ac t ion  had an o v e r a l l  po ros i ty  of  
11.7%, t h e  mean pore diameter being 18 P .  

The porous 
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The a i r  bubbles which 
formed beneath t h e  p l a t e  were 
removed through s p e c i a l  
drainage tubes.  The leads t o  
the  copper-constantan thermo- 
couples mounted i n s i d e  t h e  
experimental body as wel l  as 
on the  inner  and outer  
sur faces  of t h e  porous metal 
p l a t e s  came out  through these  
same drainage tubes.  

The f u e l  l i q u i d  was fed 
i n t o  each sec t ion  through a 
s p e c i a l  feed l i ne .  The e thy l  

Figure 2.  Experimental Body: 1 ,  Nickel- a lcohol  flow r a t e  i n  each 
p la ted  brass body; 2 ,  Porous metal s e c t i o n  was recorded by t h e  
p l a t e ;  3 ,  Copper-constantan thermo- weight method using highly 
couple;  4 ,  Cooling water intake l i n e ;  
5 ,  Intake l i n e  f o r  react ion f l u i d  (ethyl e l e c t r i c a l  square balance with 
a l coho l ) ;  6 ,  T e x t o l i t e  receiving pan; 7 ,  

s e n s i t i v e  type PTK-500 

a s c a l e  d i v i s i o n  o f  0 .1  g. 
Air b u b b l e  drainage 1 i n e  Connectors were made i n  t h e  

ends o f  each sec t ion  of  t h e  
porous p l a t e  t o  coiiiiect the 

rubber tube t o  graduated g l a s s  tubes ,  so t h a t  the  l e v e l  of t he  evaporation zone 
i n  t h e  porous p l a t e  could be es tab l i shed  v i sua l ly ,  depending on the  v a r i a t i o n s  
i n  hydrodynamic and temperature conditions o f  t he  experiment. 

Under t h e  condi t ions we used, the  level of t h e  evaporation zone p r a c t i c a l l y  
corresponded t o  t h e  sur face  of  the  porous p l a t e .  
and tank containing t h e  r eac t ing  l i qu id  and mounted on t h e  VTK-500 balance 
a c t u a l l y  amounted t o  connected vesse l s ,  the cross  sec t ion  of t h e  tank was 
ca l cu la t ed  s o  t h a t  as it moved upward w i t h  expenditure of  t h e  i n j e c t a n t ,  the  
p re s su re  of the  evaporating f l u i d  remained t h e  same and t h e  l eve l  of t h e  
evaporat ing zone corresponded t o  t h e  surface of t h e  porous p l a t e .  

Since t h e  experimental body 

A 10 mm accumulating r e se rvo i r  made of a hea t  i n s u l a t i n g  mater ia l  was 
a t tached  t o  t h e  leading edge o f  the  experimental body. 
pumped o f f  through a s l i t  i n  f r o n t  of the  accumulating r e s e r v o i r  i n  order  t o  
exclude the  inf luence of flow development. 

The boundary l aye r  was 

The temperature of t h e  sur face  of the metal porous p l a t e  was measured by 
copper-constantan thermocouples made of 0.15 mm diameter wire. 
couples were fastened i n t o  t h e  porous metal p l a t e  by d r i l l i n g  holes ,  then 
drawing the  wires through and welding them. 
a ho le  o f  a diameter s l i g h t l y  l e s s  than the diameter of  t h e  wire junct ion.  

l e v e l  with t h e  sur face  of t he  experimental body. 
thermocouples were i n s t a l l e d  i n  the  experimental body. 
were placed i n  a checkerboard p a t t e r n  over t h e  ex te rna l  su r f ace  of t h e  porous 

The thermo- 

The thermocouple head was placed i n  
Then 

t h e  head of t h e  thermocouple was pressed i n t o  the  hole  and i t s  face brought up - 143 
In a l l ,  27 copper-constantan 

Ten of t h e  thermocouples 

5 



p l a t e ,  fou r  of these  (one thermocouple i n  each sec t ion )  being connected t o  a 
type R-306 low r e s i s t a n c e  labora tory  d c  potentiometer,  t h e  o the r s  -- t o  t h e  
EPP-09 potentiometer.  
t he  porous p l a t e  su r face  was achieved. 
ou te r  s i d e  o f  t h e  porous p l a t e  i n  each sec t ion ,  and thermocouples were a l s o  
placed within t h e  depth o f  t h e  porous p l a t e s .  
l i q u i d  was measured a t  t h e  in t ake  t o  t h e  porous p l a t e  i n  each sec t ion  by copper- 
constantan thermocouples. The temperature o f  t he  cool ing water pass ing  through 
t h e  coolers  was measured a t  t h e  in take  and output  t o  each sec t ion  with copper- 
constantan thermocouples, t h e  ind ica t ions  of which were recorded by an R-306 low 
r e s i s t a n c e  laboratory potent iometer .  
s e c t i o n  from t h e  water supply l i n e  through a d i s t r i b u t i n g  manifold. 
were placed i n  each rubber supply hose,  allowing the  cool ing water flow and, 
t he re fo re ,  t h e  temperature o f  t he  r eac t ing  l i q u i d ,  t o  be  cont ro l led .  
cool ing water flow rate  through each sec t ion  was determined by measurement. 

Thus, double control  of  t h e  temperature measurement o f  
One thermocouple was placed on the  

The temperature o f  t h e  f u e l  

The cool ing water was fed  i n t o  each 
Stopcocks 

The 

The mean su r face  temperature of  t h e  porous p l a t e  was ca lcu la ted  from t h e  
measured l o c a l  temperatures f o r  each sector of  t h e  sec t ion .  The parameters of  
t h e  boundary l aye r  -- v e l o c i t y ,  temperature and concentrat ion - -  were measured 
s imultaneously a t  one po in t ,  s ince  the  dynamic pressure  tube  ( a l s o  used t o  
remove samples f o r  concentrat ion determination) was combined with a chromel- 
alumel thermocouple, wire diameter 0.15 mm i n t o  a s i n g l e  measurement probe. 
In o rde r  t o  avoid c a t a l y t i c  phenomena, the chromel-alumel thermocouple was 

t h e  coordinator ,  .a micrometric screw with a scale d i v i s i o n  of  0.01 mm. 
c I ewe A b u .  A The measwing probe was moved both ?ongi tudlna l ly  and t r a n s v e r s e l y  by 

The v e l o c i t y  i n  t h e  boundary l a y e r  was measured by t h e  dynamic pressure  
tube and s t a t i c  pressure  measurements. The dynamic pressure  tube,  made of  
s t a i n l e s s  s t e e l ,  had a t i p  with an in t e rna l  diameter of  0.43 mm. The s t a t i c  
pressure  i n  t h e  experimental apparatus  was measured through 0.35 mm aper tures  
d r i l l e d  i n  t h e  lower and s i d e  walls of the t es t  sec t ion  o f  t h e  wind tunnel .  The 
ind ica t ions  of dynamic and s t a t i c  pressure were recorded by a cup type,  mult i -  
range type  MMN micromanometer. 

/44  The p r o f i l e  of concentrat ions i n  the  r e a c t i n g  boundary l a y e r  was - 
determined by tak ing  gas samples. The gas sample c o l l e c t o r s  were made of s t a i n -  
less s t ee l ,  with t h e  0.43 mm ape r tu re  expanding quickly t o  a diameter of  2.5 mm, 
i n  order  t o  damp chemical r eac t ions  i n  the volume of  t h e  gas samples. A 
cool ing system was provided f o r  t h e  sample tube,  cons i s t ing  of  a water j acke t  
around t h e  2.5 mm diameter dynamic pressure tube.  The water jacke t  a l s o  
c a r r i e d  a second tube of  t h e  same diameter, through which the  cool ing water 
c i r c u l a t e d .  
water j acket  . The cool ing water was drained through a f i t t i n g  welded i n t o  t h e  

Analysis of gas samples was performed a t  room temperature;  consequently,  
s t a b l e  molecular materials were obtained,  such as carbon dioxide (C02), oxygen 

(02), carbon monoxide (CO), n i t rogen  ( N  ), t h e  sum o f  hydrogen p lus  s a t u r a t e d  

hydrocarbons (Hz + Cn1H2n + 2 ) .  

tubes us ing  a medical syr inge ,  sample volume being no t  over  1-1.5 c m  . 

2 
Gas samples were taken from t h e  gas sample 

3 
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Before a gas sample was taken and during c o l l e c t i o n  of gas samples, the  gas 
sample tube system was blown through by a s p e c i a l  f lush ing  system cons is t ing  of 
two b u r e t t e s ,  rubber tubes and regula t ing  valves .  Analysis of  t h e  gas samples 
taken from the  r eac t ing  boundary l aye r  was performed using a type KhL-3 labor- 
a tory  chromatograph. 

The KhL-3 chromatograph used helium as t h e  c a r r i e r  gas ,  drawn from a 
150 atmosphere pressure  cyl inder .  Smooth reduct ion of t h e  high p res su re  from 
150 atm. t o  1.5-2 atm. was performed using two reducing va lves ,  one hydrogen 
valve and one acetylene valve,  i n s t a l l e d  on t h e  pressure  cy l inder ,  with f i n a l  
f i n e  r egu la t ion  o f  pressure  by a needle valve. 
c a r r i e r  gas was checked using a wet test  meter. 
chromatograms, t he  device ;was c a l i b r a t e d  f o r  t he  gases being determined. 
Simultaneously with measurement on the  KhL-3 labora tory  chromatograph, gas 
samples were analyzed using a type VTI-2  gas analyzer  (GOST 5433-56). The e r r o r  
i n  ana lys i s  of  t he  bas  samples with t h e  type VTI-2 gas analyzer  does not  exceed 
+o. 1%. 

The necessary flow rate  of t h e  
To he lp  i n  deciphering the  

Figure 3 shows t h e  d i s t r i b u t i o n  o f  temperature T and concentrat ion by 
sec t ions  i n  the  r eac t ing  laminary boundary l a y e r  over t h e  porous metal p l a t e  
upon i n j e c t i o n  of t he  f u e l  l iqu id .  The reac t ing  f l u i d  ( e thy l  a lcohol)  i s  a 
hydrocarbon; t he re fo re ,  i t s  bo i l ing  point  is  considerably lower than the  
temperature corresponding t o  the  beginning o f  t he  r eac t ion .  
experiment t he  temperature of the  sur face  T 

upstream end was equal t o  o r  s l i g h t l y  g rea t e r  than the  b o i l i n g  poin t  of t h e  

sur face .  
and the  r eac t ion  f r o n t  i s  located some dis tance from t h e  su r face  of t h e  metal 
p l a t e .  

Since during the  
cf t h e  prous metal p l a t e  oi-i thz 

W 

r eac t ing  f l u i d ,  t h e  r eac t ion  zone o r  f ron t  could not  be  loca ted  on t h e  p l a t e  - /45 
Consequently, the  chemical reac t ion  must occur i n  t h e  gaseous phase, 

The p o s i t i o n  of the  chemical reac t ion  f r o n t  1)* i s  charac te r ized  by the  f a c t  - /46 
t h a t  t h e  vapors of  t he  r eac t ing  l i qu id  and oxygen approach t h e  r eac t ion  zone 
from opposi te  d i r ec t ions .  

Measurement of t h e  temperature i n  the r eac t ing  boundary l a y e r  over the  
porous metal  p l a t e  showed t h a t  the  reac t ion  f r o n t  separa tes  from the  sur face  of 
t he  porous metal p l a t e  as we move downstream. 

The oxygen (02) d i f fuses  i n  t h e  d i r ec t ion  of  decreasing concentrat ion,  i . e .  

Oxygen s t i l l  penetrates  t o  t h e  sur face  o f  t he  porous metal 
from t h e  ex te rna l  flow t o  t h e  chemical reac t ion  f r o n t ,  where it i s  almost 
completely expended. 
p l a t e ,  &nce i t s  concentrat ion a t  t h e  surface of t he  porous p l a t e  was never 
equal t o  zero.  

chemical r e a c t i o n  d i f f u s e s  from the  chemical r eac t ion  zone i n t o  t h e  ex terna l  a i r  
flowand down t o  t h e  porous wall. I n  a rea  I ,  i . e .  between t h e  sur face  of t h e  
porous metal  p l a t e  and t h e  r eac t ion  f ron t ,  vapors of  t he  r eac t ion  l i q u i d  d i f fuse  
toward t h e  r eac t ion  f r o n t ,  where they a re  almost completely expended. Due t o  
t h e  f a c t  t h a t  t h e  content of O2 i n  a r e a  I is s l i g h t ,  t he  C02 probably r e a c t s  

The carbon dioxide (C02) formed during t h e  course of t h e  
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with t h e  vapors of t h e  
r e a c t i n g  l i q u i d ,  as a 

a r e s u l t  o f  which CO i s  7 3  
A I--T W formed, which d i f f u s e s  t o  

t h e  f r o n t  of  t h e  chemical 

manner, H2 can be formed, 

t h e  concentrat ion of  
which i n  a r e a  I i s  
s l i g h t .  In  s p i t e  of t h e  
fact  t h a t  n e i t h e r  carbon 
monoxide nor carbon 
dioxide are formed on t h e  
su r face  of  t he  porous 
p l a t e  , t h e i r  concentra- 
t i o n  a t  t h e  porous p l a t e  
sur face  i s  not iceable ,  

l i ned  above. 

Y r eac t ion .  In t h i s  same 

go 
+& *= 12 '13 

20 
1073 

673 

273 0 due t o  t h e  f a c t o r s  out-  

The hea t  l i b e r a t e d  
during t h e  chemical 
r eac t ion  as t h e  vapors of 
t h e  r e a c t i n g  l i q u i d  
burned i s  p a r t i a l l y  
conducted t o  t h e  su r face  
of t h e  porous p l a t e  and 
expended i n  hea t ing  t h e  
framework of  t h e  p l a t e  
and evaporat ing t h e  
r eac t ing  l i qu id .  The 
remaining po r t  ion of t h e  
hea t  i s  carried o f f  i n  
t h e  ex te rna l  a i r  stream. 

As we can see from 

I 

Figure 3,  t h e  p o s i t i o n  of 
t h e  chemical r e a c t i o n  
f r o n t  can be  determined 
from the  maximum temper- 
a t u r e  i n  t h e  r e a c t i n g  
laminar boundary l aye r .  

Figure 3 .  Dis t r ibu t ion  o f  Temperature and 
Concentration by H e i g h t  i n  Reacting Boundary 
Layer: T, = 303°K; R e ,  = 0 . 4 0 1 0 ~ ;  react ing 
f l u i d ,  e t h y l  a lcohol ;  a ,  Section I ,  
x = 25 mm; b, Section I I ,  x = 62 mm; 
c ,  Sect ion 1 1 1 ,  x = 114 mm; d ,  Section I V ,  

x = 176 mm On t h e  b a s i s  of  t h e  
above, we can conclude 
t h a t  t h e  process  o f  hea t  

and mass exchange i n  a r eac t ing  laminar boundary l aye r  occurs as fol lows:  

a) t h e  r eac t ion  f ron t  i s  a t h i n  zone (surface)  loca ted  i n  t h e  boundary 
l a y e r  a t  some d i s t ance  from t h e  porous sur face  ( a t  t h e  leading edge o f  t h e  
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experimental  body 9, = 0 ) .  The value of TI* depends on coordinate  x ,  i . e .  

9 ,  = 9 * ( x l ;  
b) i n  t h e  zone between t h e  r e a c t i o n  f r o n t  and t h e  p l a t e  ( a rea  I )  t h e  

concent ra t ion  of ox id i ze r  ( i n  t h i s  case  oxygen) i s  s l i g h t .  I n  area I1 (between 
t h e  r e a c t i o n  zone and t h e  ex terna l  edge of t h e  boundary l aye r )  t h e  mass content  
of f u e l  l i q u i d  vapor i s  a l s o  s l i g h t ;  

c)  throughout t h e  volume of t h e  boundary l aye r ,  we f i n d  i n e r t  components 
(N2) and r e a c t i o n  products  (H20 vapors,  C02) ; 

d) t h e  carbon monoxide content is f i n i t e  a t  t h e  sur face  of  t h e  body and 
decreases  monotonously, reaching p r a c t i c a l l y  zero a t  t h e  r eac t ion  f r o n t ;  t h e  
formation o f  CO1 i n  t h i s  area r e s u l t s  from t h e  r e a c t i o n  of t h e  e t h y l  a lcohol  
vapors and carbon dioxide under oxygen-deficient condi t ions;  

corresponds t o  t h e  maximum temperature i n  t h e  r e a c t i n g  laminary boundary l aye r  
and the  minimum concentrat ion of f u e l  l iqu id  vapors. 

e )  ana lys i s  of  Figure 3 shows t h a t  t h e  p o s i t i o n  of t h e  r e a c t i o n  f r o n t  9, 
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2. 
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